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LHCb JINST 3 (2008) S08005
e One-arm spectrometer at LHC fully LHCb performance [JMPA 30 (2015) 1530022
instrumented in2 < < 5

- Tracking system with momentum y
resolution .|
Aplp = 0.5 — 1% from 2 to 200 GeV/c
- Excellent hadron and muon ID I\,:_:'L_\“-".'--RK‘H',”_.\ \\
Ce(u > p) ~97% | "“’j;{kg. .
Muon | misiDe(z — p) ~1-3% . E ' G

e(K—- K) ~95% |
Hadron {L misiD e(r — K) ~5% _Sm: S

- Precise vertexing

impact parameter resolution (15 + 29/p[GeV]) yum
- Calorimeters ECAL, HCAL

for ECAL, AE/E = 1% + 10 % /1/E[GeV]

- HeRSChelL detector: scintillating counters covering high rapidity region to veto
background in UPC (ultra peripheral collisions)
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* Only detector at LHC fully equipped in * Full run 1+2 dataset from HI collisions:

forward region =
£ E I sy =5.02TeV
2 10 =8.16 TeV
I Tracker [ PID [ ECal 7z = - Vo ©
I Counter [ Muon [ HCal é 1;_
ALICE " I = =
Q 10 =
o =
m Sk -
] (] @ |
- - 1 - . - = pPb Pbp PbPb pPb Pbp PbPb
,,,,,,,,,, . | 2013 | 2015 | 2016 | 2018
-10 -8 -6 -4 -2 0 g 4,6 8 10
n 1 1 . . . . .
L » Two configurations in pPb collisions:
ATLAS+LHGf I
1
1

Forward n > 0O

Backward # < 0

n Boost of nucleon-nucleon cms
system: n = 1, — 0.465
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Results for today

1.Prompt charged particle production in pPb and pp at 5.02 TeV NEW!
- LHCDb-PAPER-2021-015 (in preparation)

2.Prompt-production cross-section ratio y.,/y.; in pPb at 8.16 TeV
- LHCb-PAPER-2020-048, arXiv:2103.07349

3.Photo-produced J/y in peripheral PbPb collisions  NEW!
- LHCb-PAPER-2020-043 (in preparation)

4.Coherent J/y production in PoPb UPC
- LHCb-CONF-2018-003
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http://arxiv.org/abs/2103.07349
https://cds.cern.ch/record/2320135
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Inclusive prompt charged particle

spectra provides information of the initial

state of the collision

LHCb can probe unprecedented
Bjorken-x range

forward, 107® < x < 1074

backward, 1073 < x < 107!

Possible access to saturation region in
perturbative scale pr > 1.5GeV/c

Backward acceptance overlaps with
(x, 0?) at central BRAHMS (dAu) and

backward PHENIX (Aup)

Nuclear modification factor:

R\ = 0,0/(ACyy)

103 ¢

10% |

1071

T NS N T

LHCb (pPb) BN PHENIX (pAu)

LHCb (Pbp) EE PHENIX (Aup)
CMS BRAHMS
ATLAS I~ pr>15GeV/c
ALICE

10°F

1077

1076 107° 1074 1073 1072 1071

Saturation region:
PRD59, 014017 (1998),
PRL100, 022303 (2008)

Qz: exchanged momentum between interacting partons
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X: momentum fraction shared by the probed parton

m = 256 MeV/c?
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Prompt charged particle production in pPb, pp THCy

LHCb-PAPER-2021-015

d’c 1 N%G,py)  p>2GeVie, 02 < pr<8GeV/e (in preparation)
. = - » (pp:2<n<48,% =349+0.07nb~!
dprdn e 2 AprArn pPb, forward: 1.5 <5 < 4.3, % = 42.73 £0.98 ub™!

Pbp, backward: —2.5 <y < —5.3, % =38.71 £0.97 ub!

e Prompt charged particle yields measured with tracking system
 Raw yield corrected mainly by:

- reconstruction and selection efficiencies

Total uncertainty:

- background from fake tracks and secondary particles
. down to 2.8 % in d’*c/dndpy

_I: 105 -IIIIIIII LI I || IIIIIII || || IIIIIII 1 IIIIIII 1 1 IIIIIII Y down to 4.2% ianPb
L % LHCDb preliminary
E e, = "N Uncertainty source | pPb [%] Pbp [%] pp [%]
< 10° ) N : g, Track finding efficiency | 1.5-5.0 1.5-5.0 1.6-5.3
g s L i ] z: Detector occupancy 0.0-28 0.6-29 0.1-1.6
107 FLHCD pp ™ LHCb pPb F&% FLHCb Pbp % Particlec composition 0.4-4.1 0446 0324
= V=502 TeV iy, S=5.02 TeV i fha=sorey Selection efficiency 0.7-22 0.7-3.0 1.0-1.7
"Q Prompt charged particles Prompt charged particles T Prompt charged particles A+ .
%D 102 F % neprozs) t&:@ ——n€[1.620] oy T 4 ner30:25] pos Purity . 0.1-1.8 0.1-11.7 0.1-5.8
= ~b-n€2530] o —n€2025] ol I+ nerssso o o _’Iln_lt_h:n_m:t?}flr_lg_ . :
10 —-n€[3.035] Bt —4—n€E€[R530] F&% 'i' N E[4.0,3.5] H)f Luminosity
NEB40l % - neBoss) Trer § A nE[4540 = Statistical uncertainty
—A— N E[4.04.5] NE3.540] Tl - nel48:-45) s - 2 Tdnd
1k —FneMs48] = —A— n E[4.043] - —— N E[-52.-48] o Total (ln d 0/ n pT)
IIII 1L 1L 1L IIIIII [ [ IIIIII [ [ [ IIIIII¥ [ [ IIIIII [ [ [ I:_’_';III: TOtal (ln Rpr)
1 10 1 10 1 10
P [GeV/c] P [GeV/c] P [GeV/c]
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Prompt charged particle production in pPb, pp THCy

LHCb-PAPER-2021-015

Nuclear modification factor: R ,py,(17, pr) =

Strong suppression at forward #

Enhancement at backward for pr > 1.5 GeV/c,

as observed by PHENIX in Aup
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1 depr(ﬂ , pr)/dprdn

A dzapp(n’ pT)/ded’/] ,
Models:

A =208

(in preparation)

- EPPS16+DDS: I. Helenius et. al. JHEP09(2014) 138

- CGC: T. Lappi et. al. PR D88, 114020

14f
1.2F

T T
FLHCD ys\=5.02 TeV

'@' LHCb data

1 /| EPPS16+DDS

- pQCD calculation with MS: Z. B. Kang et. al. PR D88(2013) 054010
"] PL B740(2015) 23

Recent results from heavy ion collisions at LHCb

FPrompt charged particles
LHCb preliminary § i pQCD+MS ] }
// /// ,”;/j”, - .- % //// . / / /
7 i _ % _ /// _
/// ‘ %777 L /,/ A 74t £ /// . ) i i Ve )72 ’ &
¢ 7 by A
% le 7 4 7
2.0<n<2.5 2.5<n<3.0 3.0<n<3.5 3.5<n<4.0 4.0<n<4.3
MIFEPE IMEPEPE MR PR PR PR PR E T E FEEE P T P e e P T P e e P ST P rees e
llllllllllllllll lllllllllllllllll lllllllllllllllll lllllllllllllllll lllllllllllllllll
e O R R e
2 Seasll s/ 977 .
.Wﬂ%/.% W .,//// W .,’%//////// .,// /)2/%
+%‘ ig/ *7 :
% 17 ’ ¥ -'f
-3.0<n<-2.5] -3.5<n<-3.0 -4.0<n<-3.5 -4.5<n<-4.0} -4 .8<n<-4.5
llllllllllllllll IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIII
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c] P, [GeV/c]

13/04/2021

7


https://link.springer.com/article/10.1007/JHEP09(2014)138
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.114020
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054010
https://www.sciencedirect.com/science/article/pii/S0370269314008260?via=ihub

LHCb-PAPER-2021-015 (in preparation)

e Continuous trend from forward to backward 7,

including ALICE result

e Enhancement in backward region starts at
different py for different i

- Defining auxiliary variables x,,, and Qexp'
) _ ) ) _ Qexp |
op =M+ pp and  x,,, = e

p o
Snn
- with # and p the center of each bin and
m =256 MeV/c?,

- Indirect study of the evolution of R p,, with x
and Q2

« Continuous evolution of R, p;, with x,,, at

exp
different Qexp, between forward, central and
backward # regions
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1.6 [FLHCh, 48<n<-45 =
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(()).2;- e BdETE
04F == ) ,
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https://link.springer.com/article/10.1007/JHEP11(2018)013
https://link.springer.com/article/10.1007/JHEP11(2018)013
https://link.springer.com/article/10.1007/JHEP04(2017)039
https://link.springer.com/article/10.1007/JHEP04(2017)039
https://link.springer.com/article/10.1007/JHEP04(2017)039

Prompt-production cross-section ratio y,,/y,; in pPb TWCH

. First y,, ¥.; measurement in nuclear collisions at LHC! , /syy = 8.16 TeV, 14 ub™! (pPb), 21 ub™" (Pbp)

e Complements measurements of J/y, y(2S), Y(nS) production in pPb at LHCb

e Using radiative decay y,., — J/w( — u*u~)y, two strategies to detect y arXiv:2103.07349
submitted to PRC Lett.

(Zdecay _ ZPV) XM

* Prompt candidates selected with 7, requirement, 7, =

P
- converted photons (y — e*, material interaction) - calorimetric photons (using calorimeter)
Excellent mass resolution, low statistics Reasonable statistics, worse mass resolution
&: -+ Data LHCb ;: - 4 Data LHCb
% 50__ — Total fit pPb \/% —8.16 TeV % 300:_ — Total fit pPb V.SNN = 8.16 TeV
S --- Background Converted bhotons >~ - ----Background Calorimetric photons
|:|X s1gnal p o |:|X 81gna1 1.5<y*<40
o . w 250F
- 40~ Xc signal 1.5<y*<40 — Xc signal
2 L £ 200
§ 30 L%) N
20( :
i 1001
_I - | S — | b MRS N - S I Y YO O O o s —_c Y ] I N |
800 300 400 500 600 700 800 50 300 350 400 450 500 550 600 650
AM [MeV/c?] AM [MeV/c?]

AM =M u~y) — M(u*u™)
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https://arxiv.org/abs/2103.07349

Prompt-production cross-section ratio y,.,/y.; in pPb \HQC

(X)) Ny, €10 B = Jlyry) where e

O-()(cl) - N;(Cl 8;501 99()(01 — J/I,U}/), 8)(02

e (Cancellation of efficiencies in cross-section ratio

* Ratio consistent with unity

)

~~

amn
@\

N

- No rapidity dependence within uncertainty %<
XO
o

* Consistent with pp 7 TeV ratio within 2o
(JHEP10(2013) 115)

6(%02)/6()(01) |pr

- 6()(02)/5()(01) |pp

A =141 +0.21£0.18 (forward)

R =144+0.24£0.25 (backward)

= Nuclear effects affect similarly to both states

1y

arXiv:2103.07349

€ ;CIC g;elco submitted to PRC Lett.

aCcC reco
8)(02 8)(02

I I | I I I | I I I | I I I | I I I | I I

3 ~—+— Converted LHCb |

- —#— Calorimetric PPb ysyy =8.16 TeV

] pp Vs =7 TeV |
2 - —
e ==
O ] | | | | | | | | | | | | | | | | | | | | | ]

-4 -2 0 2
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https://arxiv.org/abs/2103.07349
https://link.springer.com/article/10.1007/JHEP10(2013)115

Photo-produced J/y in peripheral PbPb collisions YﬁC‘é

Studied coherently photo-produced J/y in peripheral PbPb collisions

- Could this be an explanation for the low-p excess observed by ALICE in

PbPb and STAR in AuAu? (PRL 123, 132302, PRL 116, 222301)

e First PbPb measurement at LHCb!

. Using 2018 PbPb sample, | /sy = 5.02 TeV, ~ 210 ub™"!, 85 % to 60 % centrality

* Centrality determination based on energy deposited in ECAL and Glauber calculation

o Non-prompt J/y removed with t, selection

o Coherently-produced J/y contribution obtained with fit to log(p%) distribution of

background-subtracted candidates

& [ o — 1 T T ] 5
§ 300 - LHCb preliminary LHCb E
é’ - _signal PbPb |5y =5TeV 3
v 250 <N, > 1059 +2.887
?‘3 - - -background 20<y,, <45 .
g 200 Nyy: 17640 +-516 7
= - -
2 150 =
cc B —

O C .
100 =

50 LA/ ;

| l .

O [ A
3000 3050

3100

3150 3200
m(u*u’) [MeV/c?]

pr < 15GeV/e
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Events/(0.38 log([MeV/c]z))
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LHCb-PAPER-2020-043
(in preparation)

Peripheral Collision

I
LHCb preliminary
20<y<45
<N _>:10.59 +2.88

part

Coherent JAp: 276.74 = 18.52

...... J/p hadro-produced

...... J/p coherently produced

-----

15 20

log(p2 / [MeV/cTF)

pr ~ 250 MeV/c
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.132302
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.222301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.222301

Photo-produced J/y in peripheral PbPb collisions YﬁC‘é

— 3% '1(')_? L B B A B L B
P " LHCb LHCb PbPb |5y =5 TeV |
2 7 5E preliminary Coherent JAp — uu ]
% E 20<y<45 E
O - ++ N =191 £9.20 E
N 2 - part -
—_ . <p.> = 6485 =237 MeV/e
> - . dat ]
ata
'UH 1.5¢ o@% E
o - 6 66 4 No overlap effects -
Q 1'_ & 66 O Overlap effects ]
RS RS ]
>_4 - ) 66 ]
FO 0.5 L @O 66 ]
i % ]
K ’
O g P BT me 2828 8BEESS S S Cst = ST o
0 0.05 0.1 0.15 0.2
p_ [GeVic]
052 1(.)_3 —
2 E LHCbPbPb |5y =5TeV E
\é' 0.45 ~ CoherentJAp — uu LHCb E
S 04F 20<y<45 preliminary
= 0350 E
- —e— data =
0'35 —— NO overlap effects 3
0.25F = Overlap effects =
0.2F =
0.15F —e— + + -
0.0F T T e =
e E
0.05F E
1 1 | | | 1
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LHCb-PAPER-2020-043

x107 . .
OO G PP o= 3 Tov ] (in preparation)
- Lqu_ Coherent JApy — uu -
0.5 preliminary N,y = 1971 £920 E , .
i ] i i
04 - dy Jhy N Jhy
L —=— data ] Jd — %Nl ; A
B » No overlap effects ] E
0.3 o Overlap effects ] Y MBEtot =)
02F 1 dYy, dyy, y 1
B 5 4 ] -
o1k I 1 dydpy dy  Apg
- O ———— ]
O‘ | N 1% 9
2 3 4
Yinp

Photo-produced J/y yields measured in p,, y and
centrality bins

Most precise p-dependent measurement to date

Data qualitatively well reproduced in models, with and
without nuclear overlap effects

W. Zha et al. Phys. Rev. C97 (2018) 044910
W. Zha et. al. Phys. Rev. C99, 061901(R)

Photo-produced J/y confirmed as source of the excess
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.97.044910
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.061901

Candidates / ( 13 MeV )

e Measured coherently produced J/y in ultra-peripheral PbPb
collisions at , /sy = 5.02 TeV \

 UPC events selected requiring minimal activity in calorimeters

e Using small 2015 PbPb sample of & = 10.1 + 1.3 ub™!

o Signal from J/w — u*u~ extracted with fit

contribution

- Templates from STARLight generator

0 " LHCb Preliminary
J’ Pb-Pb \/ s\ =9 TeV

—-data

— Ty

— Y (2S)

-== NoN-resonant
sum

3500
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4000
Dimuon mass [MeV]

Template fit to log(p%) distribution to extract coherent

Candidates / 0.15

50

40

30

20

10

e e

(Comput.Phys.Commun.
212 (2017) 258-268)

Ultra-Peripheral Collision

-~ LHCb Plrelimilnary |
Pb-Pb |5y =5 TeV
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—— data I

coherent
incoherent+feed-down
non-resonant
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https://arxiv.org/abs/1607.03838
https://cds.cern.ch/record/2320135

» Coherent J/y yields corrected with
detection efficiencies

e Selection will be improved in final

publication using HeRSCheL detector INST 13(2018)
04, P04017)

» Total cross-sectionin 2.0 < y < 4.5:
o = 5.3 £0.2(star) = 0.5(syst) £ 0.7(lumi) mb

* Largest uncertainty contribution from
luminosity determination

e Comparison with predictions from different
models:

Cepila et al. PR C97 024901 (2018)
Goncalves et al. PR D96 094027 (2017)
Guzey et al. PR C93 055206 (2016)
Mantysaari et al. PL B772 (2017) 832

Oscar Boente Garcia
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LHCb-CONF-2018-003

Source Relative uncertainty (%)
Reconstruction efficiency 2.1-4.5
Selection efficiency 3.2
Hardware trigger efficiency 3.0
Software trigger efficiency 1.6-5.3
Momentum smearing 3.3
Mass fit model 3.9
Feed-down background 5.8
Branching Fraction 0.6
Luminosity 13.0
. — o
g 4.5 B . LHCDb Preliminary A w
> 4 ; \ ““ —e— Pb-Pb |5=5 TeV — LTA_S
% 35F ‘ — EPS09
= a Goncalves et al.
2“:53 E:\.* == [P-SAT+GLC
= === [IM+BG
2 = Cepila et al.
L5 g_ = GG-hs+BG
1 E_ GS-hs+BG
05 ;_ Miintysaari et al.
0OF ' B = IS fluct. +GLC
0 1 2 3 4 5
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https://cds.cern.ch/record/2320135

Conclusions

New results from LHCDb in heavy ion collisions were presented

- Full list of published results here

First determination of Rppb for prompt charged patrticles in forward and backward regions at LHC!
- Measured prompt charged particle production cross-section in pp and pPb at SNN = 5.02TeV

- Measurement down to 4.2 % total relative uncertainty in R p,

- Strong constrains to nuclear PDFs and saturation models down to very low x

o First measurement of y., and y,; production in nuclear collisions at LHC at /sy = 8.16 TeV
« Measurement of photo-produced J/y in peripheral PbPb collisions at 4 /sy = 5.02 TeV

- First PbPDb result at LHCb
- Most precise determination of p spectrum to date
- Confirmation of the source of the excess in J/y production at low p

« Measurement of coherent J/ys production in ultra-peripheral PbPb collisions at , /sy = 5.02 TeV

Oscar Boente Garcia Recent results from heavy ion collisions at LHCb 13/04/2021 15



https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/Summary_IFT.html
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Previous results of R, for charged particles Y

, BRAHMS Phys.Rev.Lett. 93 (2004) 242303
L n=0 h*;h'g n=1 h*;h - =22 h fF n=32 h
15D - ol o
; “-A- + . : .
2 bt A E m+ ______ S S S
ot [ f‘“ : xﬂﬂ + - * : }t-A—_*_
05 t—. mE E_. . :_ s :_
R T
pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c]
BRAHMS: Phys.Rev.Lett. 93 (2004) 242303
PHENIX: Phys. Rev. C 101 (2020) 034910
CMS: JHEP 04 (2017) 039 3 ths ReV C 101 (2020) 03491 0 _ _ JHEP 04 (201 7) 039
' ' < [ | 1 &1.4F r . ]
ALICE: JHEP 1811 (2018) 013 oE | PHAU—HHX [5,=200GeV (p) | T [V ST, g parces -
- 0%-100° t It 1 £.,0 B8I ALICE b
ATLAS: Phys. Lett. B 763 (2016) 313 2.5¢ 7-100% centrality R E-RE sl IR T
I ) 2.2<n<-1.2 (Au-going) PHENIX 1 < . +
- EPPS16+PYTHIA . Norm. P i PR $_
2-@%@@ nCTEQ15+PYTHIA - e F o Mgt + ]
---------- pQCD calculation - - o ]
- ’ o o 7
1.5 1 % /' o
- — L L
1_ _-_-l 0.6 N -0-.9;000”’ -I-' B
B 7] 0.2_— ‘h-_g."'-.- —_
00' . 2' . ZI‘ . é . 8| . 1'0 [ ALICE |n|<o.s? (p-Pb -o.3<ncms<|1.3), CMS |n|<1.|o ]
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Oscar Boente Garcia Recent results from heavy ion collisions at LHCb 13/04/2021 17



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
https://link.springer.com/article/10.1007/JHEP11(2018)013
https://link.springer.com/article/10.1007/JHEP04(2017)039
https://www.sciencedirect.com/science/article/pii/S0370269316306244?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.242303
https://link.springer.com/article/10.1007/JHEP04(2017)039
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.242303

Prompt charged particle production at 13 TeV THCH

LHCb-PAPER-2021-010 (in preparation)

First double-differential measurement of forward charged particle
spectrum at \/E = 13TeV

Fundamental measurement for QCD, generator tuning and
astroparticle physics
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l
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© 1
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Charm pair production and DPS scattering in pr YﬁC‘é
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Phys. Rev. Lett. 125, 212001

First measurement of charm pair

production in pPb at , /sy = 8.16 TeV
Study Double Parton Scattering (DPS):
1 oo?P

1 + 5AB Ocff

AB

Opps =

DPS enhanced about a factor 3 with
respect to Single Parton Scattering

(SPS) in pPb

Study combinations of DD, and DJ/y
pairs (D = D°, D%, D}

SPS —enhanced in opposite-sign pairs

DPS —enhanced in same-sign pairs

Result assuming SPS and no nuclear effects
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